Chemical investigation of the roots of Glycyrrhiza uralensis resulted in the isolation of six oleanane-type triterpene glycosides (1 -6), including one new saponin (1) and two (2 and 3) obtained as natural products for the first time. The new licorice saponin (1) was identified as 22β−acetoxylglycyrrhizin from [α] D , mass spectrometric, and UV, IR, and NMR spectroscopic data.. Full assignments of 1 H and 13 C-NMR data for compounds 2, 3, 4, 5 and 6 were made for the first time according to 2D NMR methods.
Licorice root is one of the most frequently utilized medicinal herbs and has been prescribed in almost 80% of traditional Chinese medicines. It has various biological activities and has been used, for example, for the treatment of inflammatory disease [1] , gastric ulcer [2] , hepatic injury [3, 4] , and human immunodeficiency virus type I (HIV-1) [5, 6] . Licorice contains saponins, flavonoids, alkaloids, polysaccharides, fatty acids and amino acids, among which saponins are the most valuable and representative components. Glycyrrhizin, the major licorice saponin, is usually used to recognize licorice root, and is employed industrially as an additive due to its sweet taste and flavor-potentiating characteristics [7] . In order to understand the chemical basis of the traditional utilities of licorice root and find new uses for it in the future, we investigated the minor licorice saponin components in the roots of G. uralensis (Figure 2 ). Among the six licorice saponins isolated from the roots of G. uralensis, 1 was a new compound whose structure was elucidated as 3β-O-[β-D-glucuronopyranosyl-(1→2)-β-D-glucuronopyranosyl]-22β-acetoxyl-11oxo-olean-12-ene-30-oic acid (22β−acetoxylglycyrrhizin). Compounds 2 and 3, isolated as natural products for the first time, were identified as 3β-O-[β-D-glucuronopyranosyl-(1→2)-β-D-glucuronopyranosyl]-glycyrretol and 3 β -O-[β-D-glucuronopyranosyl-(1→2)-β-D-glucuronopyranosyl]-olean-9, 12-diene-30-oic acid, respectively. Since the total 1 H and 13 C NMR assignments of the earlier identified licorice saponins have not been reported, we assigned all the isolated compounds in detail from their 2D NMR spectra.
Compound 1 was obtained as an amorphous white powder. HR-FAB-MS showed an ion peak [M+2K-1] + at m/z 957.3303 for C 44 H 63 O 18 K 2 . The UV spectrum of 1 showed an absorption maximum at 248 nm, ascribable to a conjugated-function chromophore. The IR spectrum showed absorptions at Vmax 1717 and 1646 cm -1 , due to an acetyl group and an α,β-unsaturated carbonyl group. Furthermore, a group of broad adsorption bands (3100~3700, 1032 cm -1 ) indicated the presence of a glycosidic structure in 1.
The 13 C NMR spectrum revealed 44 carbon signals, 12 of which were assigned to two hexosyl units. The 13 C NMR spectrum of the sugar moiety was characterized by two carboxyl signals at δ 172.1 and 172.4, and two anomeric carbon signals at δ 105.1 and 106.9 correlated to the proton signals at δ 5.05 (d, J = 7.6 Hz) and 5.43 (d, J = 7.5 Hz) in the HMQC spectrum. The protons and carbons of each sugar were assigned completely by the 1 H-1 H COSY, TOCSY, HMQC and HMBC spectra. Comparison of the 13 C NMR data with the literature values [8] and the vicinal coupling constants of anomeric protons allowed the identification of the sugar moiety as β-Dglucuronopyranosyl-(1→2)-β-D-glucuronopyranose (the L-configuration seldom exists in plants; consequently, the absolute configuration can be assumed to be D), which is most frequently found in Glycyrrhiza species.
The hydrogenation patterns of the remaining carbons were determined by DEPT experiments; these revealed the presence of eight methyl (including one acetoxyl methyl at δ C 20.7), eight methylene, six methine and ten quaternary carbon signals. The characteristic signals of the enone moiety were observed at δ C 199.5 (C-11), 129.0 (C-12), 168.3 (C-13) and δ H 6.03 (s, H-12). The existence of seven methyl groups was verified from the proton signals observed as singlets at δ 1.42, 1.27, 1.21, 1.08, 1.47, 0.93 and 1.33, which were correlated with the carbon signals at δ 28.1, 16.9, 16.8, 18.8, 24.1, 21.8 and 29.5, respectively, in the HMQC spectrum.
Moreover, a carboxyl carbon signal appeared at δ 179.1. All these data suggested the 11-oxo-12oleanen-30-oic acid skeleton of an aglycone. When comparing the 13 C NMR data of 1 with that of glycyrrhizin, a new signal for an oxygenated methine appeared at δ C 77.4 in 1, instead of the methylene at C-22 in glycyrrhizin. This conclusion was confirmed by the HMBC correlations from δ Additionally, the existence of an acetyl group was verified from the appearance of carbonyl (δ C 170.2) and methyl (δ C 20.7, δ H 2.03) signals. The HMBC correlation between the signals at δ H 4.86 (H-22) and δ C 170.2 (COCH 3 ) indicated that C-22 was substituted with an acetoxyl group, and the configuration of the acetoxyl group was clarified to be β from the proton signal for H-22 (δ 4.86, t, J = 2.5). The cross peaks between H-3 and H-1'in the HMBC spectrum revealed that the sugar moiety was bound to the oleanane aglycone at C-3. On the basis of these data, the structure of 1 was established as 3β-
pyranosyl]-22β-acetoxyl-11-oxo-olean-12-ene-30oic acid (22β-acetoxylglycyrrhizin) and confirmed by the 1 H-1 H COSY and HMBC spectra, as shown in Figure 3 .
Although the new licorice saponin, 22βacetoxylglycyrrhizin, could be considered as an artifact because AcOH was used in the extraction procedure of the n-BuOH extract, this possibility was ruled out by another independent experiment, in which 1 was obtained from the MeOH extract in which no AcOH had been used in the isolation procedure. E2, 4) , 24-hydroxy-11deoxyglycyrrhizin (LS-J2 , 5) and 24hydroxyglycyrrhizin (LS-G2, 6), respectively [9, 10] . In 2, the hydroxyl methyl group at C-20 was determined by the HMBC correlation between H 2 -30/ C-29, and assigned to be CH 2 OH-30 due to the presence of the 1, 3-diaxial NOESY effect between H-18 and H 2 -30. As to 3, four olefinic carbon signals at δ 155.2 (C), 116.0 (CH), 121.7 (CH), 146.8 (C) and the corresponding proton signals at δ 5.62 and 5.84 (each d, J = 5.7Hz) indicated the presence of a diene in the C ring, and they were assigned to C-9, C-11, C-12 and C-13, respectively, according to the HMBC correlations between H 3 -25 / C-9, H-11 / C-25, H-12 / C-18 and H 3 -27 / C-13. LS-E2 (4), with a lactone ring in the aglycone, was confirmed from the ESIMS in the positive-ion mode, which showed molecular ion peaks [M+1] + at m/z 821.8, two units correlation between C-30 / H-22 also supported this structure. In LS-J2 (5) and LS-G2 (6), the hydroxyl methyl group was deduced to be at C-24 from the HMBC correlation between H 2 -24 / C-3 and the 1,3-diaxial NOESY effect between H 2 -24 / H 3 -25. The full assignments of the signals observed in the 1 H and 13 C NMR spectra of each compound are shown in Tables 1 and 2 .
Among compounds 2 -6, 2 and 3 were isolated as natural products for the first time, although they have been obtained synthetically [9, 11] . The natural isolation of compound 2 from G. uralensis was very meaningful for the biosynthetic study of glycyrrhizin, which is still a puzzle regarding the biosynthetic steps behind β-amyrin, even though glycyrrhizin has been known for one hundred years [12] . As a possible biosynthetic precursor of glycyrrhizin, the presence of compound 2 raised the possibility that, in the biosynthesis of glycyrrhizin, oxidation at position 30 may occur later than the glycosidation and oxidation at position 11 (Figure 4 ).
Experimental
General: UV spectra were obtained with a SHIMADZU PharmaSpec UV-1700 spectrophoto-meter, and IR spectra in KBr with a JASCO FT/IR-230 spectrometer. Optical rotation was measured with a JASCO P-1020 polarimeter. HR-FAB-MS were obtained with a JEOL JMS HX110. NMR spectra were measured with a JEOL ECP-500 spectrometer with TMS as the internal reference; chemical shifts were expressed in δ (ppm) and coupling constants were expressed in J (Hz Plant material: The roots of G. uralensis were purchased from Uchida Wakanyaku Co. Ltd., Japan.
Extraction and isolation:
The dried roots of G. uralensis (288 kg) were extracted with MeOH (2800~2900 L, each) at room temperature, two times. The combined extract was filtered, concentrated and lyophilized to give the MeOH extract (40 kg). Part of this (10 kg) was partitioned into an EtOAc-H 2 O (1:1) mixture (200 L). The obtained H 2 O phase was adjusted to pH 4.0 with AcOH and then further fractionated with n-BuOH. Evaporation of the solvent yielded 2.4 kg of n-BuOH extract, 50 g of which was subjected to reversed-phase ODS column chromatography (350 g). Elution of the column with CH 3 CN-0.06% TFA (40:60) furnished twelve fractions each of 400 mL. The subsequent semipreparative HPLC of fractions 2, 6, 9 and 10 provided compounds 1 -6 with 0.017, 0.0012, 0.0004, 0.005, 0.0012 and 0.003% (w/w) yields from the dried roots, respectively.
HPLC analysis of n-BuOH extract:
10 μL of n-BuOH extract (5 mg/mL) was analyzed on a Shisedo Capcell PAK C 18 250×4.6mm i.d. column, eluted with CH 3 CN-0.06%TFA (40:60) and detected at 254 nm. 
